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Abstract: Space and diet are frequently considered the two most important dimensions of an organism 
niche, but in tropical forests, these two dimensions are associated, with fruits more accessible in the 
canopy and upper strata of the forest, and arthropods more abundant in the forest litter. This constitutes a 
genuine macroecological pattern, potentially common to all tropical forests. We tested the existence of this 
trade-off between frugivory-insectivory in the vertical strata, and if it results from feeding specializations, 
using didelphid marsupials as a model group. We compared nine species, representing different lineages, 
which differ in diet and use of the forest strata, using phylogenetically independent contrasts. We classified 
species according to their use of the vertical strata into four categories based on the literature (terrestrial-
semiaquatic, terrestrial-understory, underestory-subcanopy-canopy, and canopy only). Diet was analyzed 
by the proportion of nutrients (carbohydrates, fibers, proteins and lipids) in a cafeteria food preference 
experiment: more frugivorous diets have higher carbohydrate and fiber content, whereas more 
carnivorous and insectivorous diets have higher protein and lipid content. Along the phylogeny, increases 
in use of the vertical strata were significantly associated with increases in carbohydrate and fiber contents, 
and reductions in lipid content. Levels of protein content also reduced with increasing use of the vertical 
strata, but this association was not significant. The macroecological pattern of increasing frugivory with 
use of the upper strata is supported by the results for didelphid marsupials, which also indicate 
specialization is a mechanism involved. The contribution of didelphid marsupials to the ecosystem 
process of frugivory and seed dispersal is performed by a subset of species, despite being broadly 
described as omnivorous. Future studies should evaluate this macroecological pattern in more specialized 
taxonomic groups that vary in the use of the vertical strata, and if specialization is the general mechanism 
involved. 
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INTRODUCTION 
 
Species differ in the use of the vertical strata of 
forests, which allows interspecific and intra-
specific niche differentiation, reducing risks of 
competition (Harney & Dueser 1987, Dickman 
1989, Cunha & Vieira 2002), predation (Prevedello 
et al. 2008), allowing the use of a greater range of 
environments (Layne 1970, Saetnan et al. 2009), 
and the coexistence of ecologically and morpholo-
gically similar species (Albanese et al. 2011). 
Species also differ in feeding habits, which adds 
another important dimension to community 
structure (Batzli & Lesicure 1991, Brown et al. 
1994). These two dimensions, space and diet, are 
frequently considered the two most important 
dimensions of an organism niche (Schoener 1974, 
Cunha & Vieira 2002). 
In tropical forests, structural complexity is an 
important factor that contributes to a richer 
arboreal fauna, due to variety of resources that it 
provides (Levin 1972, Emmons 1980, August 1983). 
However, resources are not evenly distributed 
through the forest strata; fruits are obviously more 
accessible in the canopy and upper strata of the 
forest. Therefore, species that use the upper strata 
have more access to fruits (e.g. Rader & 
Krockenberger 2006). This could be common to all 
forests and organisms consuming fruits, consti-
tuting a genuine macroecological pattern. Fruit in 
the upper strata being consumed by a subset of 
species supports the existence of compartments of 
plant-frugivore interactions in the upper strata, 
which has consequences for ecosystem function-
ning (Schleuning et al. 2011, Stevenson et al. 2015). 
In addition, the mechanism generating this 
pattern remains an open question: frugivory in the 
upper strata could be simply opportunistic, or a 
specialization favored by natural selection.  
Didelphid marsupials of South America are a 
particular appropriate group to test if frugivory by 
more arboreal species is opportunistic - just a 
consequence of the higher availability of fruits in 
the upper strata - or if it indeed use of the upper 
strata involves specialization and adaptation to 
frugivory. First, phylogenetic relationships betwe-
en major lineages are well established (Jansa et al. 
2013), which allows to determine if increased 
frugivory along the phylogeny is associated with 
increased use of the upper strata. Second, vertical 
stratification and habitat use by didelphid 
marsupials are also well established (Charles-
Dominique et al. 1983; Julien Laferrière & 
Atramentowicz 1990, Malcolm 1995, Passamani 
1995, Santori et al. 1995, Leite et al. 1996, Voltolini 
1997, Freitas et al. 1997, Fernandez et al. 1997, 
Cunha & Vieira 2002, Grelle 2003, Abreu & Oliveira 
2014). Associations between habitat use and diet 
composition are frequently suggested (Charles-
Dominique et al. 1981, Leite et al. 1996, Cáceres et 
al. 2002, Vieira & Astúa 2003). However, field 
studies of diet and habitat are commonly 
conducted separately, and associations between 
these two characteristics are based on literature 
information (Albanese et al. 2011, Abreu & Oliveira 
2014), and on the frequency of captures on ground 
and understory traps (Cáceres et al. 2002). 
Generally, arboreal species are considered more 
frugivorous and cursorial species more insecti-
vorous (Leite et al. 1994, Cáceres et al. 2002, Vieira 
& Astúa 2003). Last, diet nutritional composition is 
available for all major lineages, which allows 
detailed comparison of carbohydrate, lipid and 
protein content (Pèrissé et al. 1988, Fonseca & 
Kierluff 1989, Malcolm 1991, Santori et al. 1997, 
Astúa et al. 2003, Santori et al. 2015). Detailed 
information on diet nutritional composition 
demonstrates clear differences between lineages 
in the relative consumption of animal and plant 
material, and the proportion of macronutrients in 
their diet. This detailed information was only 
possible through laboratory studies on food 
preference – also known as ‘cafeteria’ experiments 
– which allows the measurement of the amount 
food items and nutrient consumption (Pèrissé et al. 
1988, Santori et al. 2015). Selected items in the 
laboratory are affected only by the intrinsic factors 
that drives food choice, determined by morpho-
logical and physiological attributes (Finotti et al. 
2015). Whereas diet composition in field studies 
are influenced by seasonal and spatial variation in 
food resources, and identification and quantifi-
cation of food items in stomach or feces contents 
have many limitations (Ceotto et al. 2009, Lessa & 
Costa 2010). Therefore, results from field studies 
vary largely and do not enable a clear definition of 
species diet. For example, Caluromys philander is 
considered the most frugivorous species among 
didelphids (Fonseca et al. 1996, Leite et al. 1996), 
but in some conditions a higher proportion of 
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insects and animal matter can be found in its diet 
(Carvalho et al. 1999, De Camargo et al. 2017). 
The aim of this study was to determine if 
frugivory is evolutionarily associated with the use 
of the upper strata of the forest, and conversely, if 
insectivory is associated to the use of the forest 
floor, using didelphis marsupials as a model group. 
We identified some general patterns were 
identified based on the observations made on 
locomotion and diet studies made independently 
for many ecosystems, despite the spatial and 
seasonal variation found for these characteristics 
(Vieira & Camargo 2012). Until now, the 
association between use of vertical strata and diet 
of didelphid marsupials was not directly tested. 
One great possible restriction for this is that the 
majority of data on diet composition is provided 
by field studies using fecal and stomach contents, 
which are variable in space and time and 
dependent on resources availability. Therefore, 
the measure of a mean, general diet for a specie is 
a hard, maybe impossible task to do, based on this 
type of data. At this study, we tested the relation 
between vertical stratification and food habits in a 
group of nine species of didelphid marsupials 
collected at many Brazilian localities and submit-
ted to a laboratory preference experiment (Pèrissé 
et al. 1989). We used diet nutritional composition, 
obtained in these cafeteria preference experiments, 
and correlated to the species vertical habitat use of 
the forest, based on literature data. Results of 
cafeteria experiments are related to the intrinsic 
factors of diet selection that related to morpho-
logical and physiological species characteristics 
and its relation to the physical and chemical food 
characteristics. Therefore, it represents the food 
choice made independent of seasonal and spatial 
variations (Finotti et al. 2015). The habitat vertical 
use based on literature data enables a specie 
classification based on the more common vertical 
strata that individuals of a specie occupy, what can 
also be considered a result of the adaptive 
locomotor characteristics that enables a particular 
specie to occupy more frequently a particular 
habitat stratum. Thus, these data represent mean 
species conditions on both factors analyzed. 
Such comparative analyzes based on data of 
species with different relationships pose a 
problem of statistical dependence: the more close-
ly related a pair of species, the more related are 
their characteristics (Martins & Hansen 1996). To 
overcome this problem, we used here a compa-
rative method to contrast vertical strata use and 
diet along branches of the phylogeny (Felsenstein 
1985). This is the first study to test the association 
between use of the strata of the forest and diet of 
didelphid marsupials using a comparative method 
to obtain independent data points.  
 
 
MATERIAL AND METHODS 
 
The species used in this study were Didelphis 
aurita (Wied-Neuwied 1826), Didelphis albiventris 
Lund 1840, Philander frenatus (Olfers 1818), 
Metachirus nudicaudatus (É. Geoffroy 1803), 
Caluromys philander Linnaeus 1758, Gracilinanus 
agilis (Burmeister 1854), Marmosa paraguayana 
(Tate 1931), Monodelphis domestica (Wagner 1842), 
and Lutreolina crassicaudata (Desmarest 1804). 
Individuals were collected in several Brazilian 
localities (see Supplementary Material 1 for loca-
lities description). 
Each species received a score from 1 to 4 based 
on its use of arboreal strata according to Vieira and 
Camargo (2012), and confirmed by using other 
references (Stallings 1989, Fonseca & Kierluff 1989, 
Malcolm 1991, Vieira 1997, Voltolini 1997, Grelle 
2003) (Table 1). We used nutritional data publi-
shed elsewhere (Astúa et al. 2003), where food 
preference and nutritional content of the diet were 
calculated for each species through cafeteria 
experiments of alimentary preference (Pèrissé et al. 
1989). We used as diet variables the proportion of 
nonstructural carbohydrates, lipids, proteins and 
fibers (Table 2) instead of traditional broad and 
unprecise categories of feeding habits (herbivores, 
carnivores, omnivores). According to the chemical 
composition of food items (Franco 1987, Mendez 
et al. 1995), (1) species with higher protein or lipid 
proportion in the diet consume more animal 
matter than species with lower protein content, 
and (2) species with higher proportion of non-
structural carbohydrates (glucids) and fibers in the 
diet consume a greater amount of plant matter. 
Initially we tested the existence of a phyloge-
netic signal using a Mantel Z-test (Manly 2004) of 
association between the matrices of use of the 
vertical strata, diet similarity, and phylogenetic 
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distance based in the branch lengths of the 
phylogenetic hypothesis of Jansa et al. (2013) 
(Table 3). The matrix of diet similarity was 
constructed using as distance between species, the 
sum of the square root of the product of the four 
macronutrients (Marroig & Cheverud 2001). The 
matrix of use of the vertical strata was constructed 
using the ratio between the ranks of each pair of 
species, being the denominator always the higher 
rank (this provides an index between 0 and 1). We 
tested the hypothesis that the use of the vertical 
strata determines the consumption of fruits and 
invertebrates using the method of independent 
contrasts (Felsenstein 1985), regressing the phylo-
genetic contrasts of use of the vertical strata 
against phylogenetic contrasts of carbohydrates, 
fiber, protein and lipid contents in the diet 




The Mantel Test (Z) showed a significant cor-
relation between the phylogenetic distance matrix 
and diet (n = 10, r = 0.89, p = 0.05), use of the 
vertical strata (n = 10, r = 0.97, p = 0.02), and 
between use of the vertical strata and diet (r = 0.85, 
p = 0.01). 
The regression between contrasts of use of the 
vertical strata and diet contrasts was clearly 
significant for carbohydrates and fiber (Table 3, 
Figure 1a, b), and can be considered significant for 
proteins (Figure 1d). Carbohydrates and fiber 
content increase with increasing use of the forest 
terrestrial strata, whereas protein content reduces 
with the increase of the use of arboreal strata 




Figure 1. Relationship between phylogenetically independent contrasts of use of the vertical strata on contrasts 
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Table 1. Scores ascribed to species according to the degree of vertical strata used according to Vieira & Camargo (2012). 
Species Habitat use Scores 
Didelphis aurita Understory, Sub-canopy and canopy 3 
Didelphis albiventris Understory, Sub-canopy and canopy 3 
Philander frenatus Terrestrial/understory 2 
Metachirus nudicaudatus Terrestrial 1 
Caluromys philander Arboreal/canopy 4 
Gracilinamus agilis Understory, Sub-canopy 3 
Marmosa paraguayana  Arboreal/canopy 4 
Monodelphis domestica Terrestrial 1 
Chironectes minimus Terrestrial/aquatic 1 




Table 2. Proportion of macronutrients used for each species in a diet choice experiment (Astúa et al. 2003). 
 
Species Proteins (%) 
Non structural 
carbohydrates (%) 
Lipids (%) Fiber (%) 
Didelphis aurita 33.87 55.55 10.57 1.94 
Didelphis albiventris 35.49 47.40 17.11 1.68 
Philander frenatus 42.70 48.00 9.29 1.76 
Metachirus nudicaudatus 37.14 54.74 8.11 1.96 
Caluromys philander 7.15 91.61 1.23 2.70 
Gracilinamus agilis 26.43 67.26 6.32 2.53 
Marmosa paraguayana  20.80 73.51 5.70 2.81 
Monodelphis domestica 60.03 27.88 12.09 1.03 
Chironectes minimus 50.32 44.70 4.98 2.24 






Frugivory in didelphid marsupials was indeed 
associated with use of upper strata of the forest, 
independent of phylogenetic relationships as the 
association between independent contrasts 
demonstrated. Consequently, higher fruit con-
sumption by marsupials in the upper strata is 
done by a subset of species; those more 
specialized in the use of upper strata. The 
interaction strength between plants and more 
frugivore didelphids, which use the upper strata, 
must be more intense than with didelphids as 
whole, supporting the existence of compartments 
of plant-frugivore interactions in the upper strata 
(Schleuning et al. 2011).  
The use of higher strata provides resources that 
are not available on the ground and reduces 
predation risk by terrestrial predators (Rader & 
Krockenberger 2006, Prevedello et al. 2008, Abreu 
et al. 2010, and Vieira & Camargo 2012). The 
highest vertical stratum (canopy) have many 
structural and resource differences compared to 
the other strata, being a different adaptive zone 
available to organisms that holds morphological 
adaptations to explore it (Tobin 1995, Martins & 
Gribel 2007). In this case, the possibilities to 
explore new types of habitats or the increase in 
efficiency in their use are reflected in the diet, and 
contribute to higher diversity of species and 
functions they perform in the system. 
The use of precise nutritional diet content and 
a robust classification of use of the forest strata 
allows the reduction of uncontrolled variation, 
and can be considered independent from seasonal 
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more common condition for the species studied. 
These metrics and classification are estimates for 
whole species, based on controlled laboratory 
experiments made with individuals from different 
localities for the same species (nutritional diet 
content), or reviews of available information in the 
literature (use of the vertical strata) also analyzing 
the vertical strata use on different ecosystems or 
laboratory experiments. A higher fiber proportion 
in the diet is a result of consumption of more plant 
items, which are more difficult to digest. The use 
of arboreal strata opens the possibility to explore 
fruits and seeds directly, before they fall on the 
ground, but also give access to items such as green 
fresh buds, nectar and insects that occurs 
exclusively on the tree canopies (Tobin 1995, 
Martins & Gribel 2007). Conversely, on the forest 
floor, probably, arthropods are more abundant 
available to these animals, mainly because of leaf 
litter, being an important component of the diet of 
mainly semi-terrestrial didelphids such as 
Didelphis aurita and Philander frenatus (Freitas et 
al. 1997). A negative relationship between use of 
the vertical strata of the forest and the proportion 
of lipids was also expected. However, as 
didelphids are mainly omnivorous, the ingestion 
of plant items with high fat content can 
compensate for the lower animal matter in the diet 
of more arboreal species. Some fruits used in the 
cafeteria preference experiments – where the data 
came from - like orange, banana, grapes and apple 
have a relatively high fat content (Astúa et al. 2003).  
 
 
Table 3. Coefficient of determination (r²), test t value, 
and significance level (p) for the regression between 
each nutrient contrast and the habitat use contrast. 
 
 Carbohydrates Proteins Lipids Fibers 
r²  0.48 -0.41 0.0002 0.70 
t 2.54 -2.20 0.04 4.02 
p 0.04 0.06 0.97 0.003 
 
 
Use of the vertical strata and diet preferences 
are well defined for each genus of didelphid 
marsupials. Species of Caluromys are more 
frugivorous and strictly arboreal species, species of 
Didelphis have a broad diet and amplitude of use 
of the forest strata, and species of Monodelphis are 
terrestrial and have a more insectivorous diet 
(Casella & Cáceres 2006, Vieira & Camargo 2012). 
Species of Didelphis are omnivorous and 
scansorial whereas species of Philander have a 
larger diversity of items in their diets, therefore 
being considered more omnivorous but with a 
higher animal content in its diet (Ceotto et al. 2009, 
Fonseca et al. 1991, Santori et al. 2015). Use of the 
vertical strata seem to vary between sites (Pèrissé 
et al. 1988, Freitas et al. 1997, Santori et al. 2015), 
but climbing and arboreal walking performance of 
Philander are like other arboreal didelphids 
(Antunes 2003; Delciellos & Vieira 2006; 2007; 
2009a, Delciellos & Vieira, 2009b). In an evolu-
tionary perspective, these differences may be 
related to the radiation events in history of these 
lineages. Basal lineages of didelphids inhabited 
South American moist forests since the Early 
Oligocene (26,3 Ma) and only diversified into more 
xeric habitats by the Miocene (Meredith et al. 2011, 
Jansa et al. 2013). Caluromys lineage was the first 
to differentiate from other didelphid lineages at 
this time (Jansa et al. 2013). It is reasonable to 
suppose that the habitat characteristics at this 
time, in a humid forest with many strata layers can 
furnish the niche’s opportunities to this early 
radiation. Species of Caluromys have the more 
drastic adaptations to the arboreal life among 
didelphids, such as locomotor performance 
(Delciellos & Vieira 2009a), and functional 
morphology (e.g. Youlatos 2008). In addition, 
Caluromys philander was the species with the 
highest association between digestive tract 
measurements (caecum and large intestine), and 
its frugivorous food habits (Santori et al. 2004).  
The hypothesis that vertical use of the forest 
strata involves specializations to frugivory is 
supported by the case of didelphid marsupials, 
and support the existence of compartments of 
plant-frugivore interactions in the upper strata of 
the forest. The contribution of didelphid marsu-
pials to the ecosystem process of frugivory and 
seed dispersal is therefore performed by a subset 
of species, despite being broadly described as 
omnivorous. If even overall such omnivorous 
animals become more specialized on frugivory by 
using the upper strata, the same is likely to occur 
in other more specialized taxonomic groups that 
vary in the use of the vertical strata, such as bats 
(e.g. Bernard 2001), birds (e.g. Pearson 1971), and 
Lepidoptera (e.g. Schulze et al. 2001). The 
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possibility that specialization on frugivory is 
generally associated with use of the upper forest 
strata constitutes a genuine macroecological 
pattern with a clear mechanism involved, which 
can furnish insights in the direction of character 
change and functioning of the forest as an 





We are grateful to Nélio P. Barros and Rosana 
Juazeiro for assistance with the laboratory 
experiments and general assistance. We also thank 
two anonymous referees that made substantial 
comments that helped to improve the manuscript. 
The first author has the support of Research and 
Productivity Program of UNESA. This work was 
supported by CAPES, CNPq, FARPEJ, FIOCRUZ, 






Abreu, M. S. L., Wieliczko, A. R., Mesquita, A. & 
Vieira, E. M. 2010. Consumo de pequenos 
mamíferos por canídeos simpátricos do sul do 
Brasil: sobreposição de nichos e seleção de 
presas. Neotropical Biology Conservation, 5, 16-
23. DOI: 10.4013/nbc.2010.51.0 
Abreu, M. S. L. & Oliveira, L. R. 2014. Patterns of 
arboreal and terrestrial space use by non-volant 
small mammals in an Araucaria forest of 
southern Brazil. Anais da Academia Brasileira 
de Ciências, 86(2), 807-819. DOI: 10.1590/0001-
3765201420130063 
Albanese, S., Rodríguez, D. & Ojeda, R. A. 2011. 
Differential use of vertical space by small 
mammals in the Monte Desert, Argentina. 
Journal of Mammalogy, 92(6), 1270-1277. DOI: 
10.1644/10-MAMM-A-353.1 
Antunes, V. Z. 2003. Comportamento postural e 
locomotor ao escalar de sete espécies de 
marsupiais (Didelphimorphia) da Mata Atlân-
tica. Master Thesis, Pós-Graduação em Zoologia, 
Museu Nacional da UFRJ, Rio de Janeiro. 
Astúa, D., Santori, R. T., Finotti, R. & Cerqueira, R. 
2003. Nutritional and fiber contents of 
laboratory-established diets of Neotropical 
opossums (Didelphidae). Pp. 229-237, In: Jones 
M, Dickman C, Archer M. (Org.). Predators with 
pouches: the biology of carnivorous marsupials. 
Colingwood CSIRO Publishing, London.August, 
P. V. 1983. The role of habitat complexity and 
heterogeneity in structuring tropical mammal 
communities. Ecology, 64(3), 1495-1507. DOI: 
10.2307/1937504 
Batzli, G. O. & Lesicure, C. 1991. The influence of 
high quality food on habitat use by arctic 
microtine rodents. Oikos, 60, 299-306. DOI: jstor. 
org/stable/3545071 
Bernard, E. 2001. Vertical stratification of bat 
communities in primary forests of Central 
Amazon, Brazil. Journal of Tropical Ecology, 
17(1), 115-126. DOI :10.1017/SO266467401001 
079 
Brown, J. S., Kotler, B. P. & Mitchell, W. A. 1994. 
Foraging Theory, patch use, and the structure of 
a Negev desert granivore community. Ecology, 
75(8), 2286-2300. DOI: 10.2307/1940884 
Cáceres, N. C., Ghizoni-Jr, J. R., & Graipel, M. E. 
2002. Diet of two marsupials, Lutreolina 
crassicaudata and Micoureus demerarae, in a 
coastal Atlantic Forest island of Brazil. 
Mammalia, 66(3), 331-340. DOI: 10.1515/mam 
m.2002.66.3.331. 
Carvalho, F. M. V., Pinheiro, P. S., Fernandez, F. A. 
S. & Nessimian, J. L. 1999. Diet of small 
mammals in Atlantic Forest fragments in 
southeastern Brazil. Revista Brasileira de 
Zoociências, 1(1), 91-101.  
Casella, J. & Cáceres, N. C. 2006. Diet of four small 
mammal species from Atlantic forest patches in 
South Brazil. Neotropical Biology and 
Conservation, 1(1), 5-11. 
Ceotto, P., Finotti, R., Santori, R. T. & Cerqueira, R. 
2009. Diet variation of the marsupials Didelphis 
aurita and Philander frenatus (Didelphimorphia, 
Didelphidae) in a rural area of Rio de Janeiro 
state, Brazil. Mastozoologia Neotropical 16, 49-
58. 
Charles-Dominique, P. 1983. Ecology and social 
adaptation in didelphid marsupials: compare-
sons with euterians of similar ecology. In: J. F 
Eisenberg & D. G Kleiman (Eds.), Advances in 
the study of mammalian behavior. pp. 395-422. 
Stillwater: American Society of Mammalogists. 
Cunha, A. A. & Vieira, M. V. 2002. Support 




198 | Marsupials diet trade-offs in the use of vertical strata 
 
Oecol. Aust. 22(2): 191–200, 2018 
four Didelphid marsupials in the Atlantic forest 
of Brazil. Journal of Zoology, 258(4), 419-426. 
DOI: 10.1017/S0952836902001565 
De Camargo, N. F., Sano, N. Y. & Vieira, E. M. 2017. 
Predation upon small mammals by Caluromys 
lanatus (Didelphimorphia: Didelphidae) and 
Callithrix penicillata (Primates: Callitrichidae) 
in the Brazilian savanna. Mammalia, 81(2), 207-
210. DOI: 10.1515/mammalia-2015-0117 
Delciellos, A. C. & Vieira, M. V. 2006. Arboreal 
walking performance in seven didelphid 
marsupials as an aspect of their fundamental 
niche. Austral Ecology, 31, 449–457. DOI: 10.11 
11/j.1442-9993.2006.01604.x 
Delciellos, A. C. & Vieira, M. V. 2007. Stride lengths 
and frequencies of arboreal walking in seven 
species of didelphid marsupials. Acta Theriolo-
gica, 52, 101–111. 
Delciellos, A. C. & Vieira, M. V. 2009a. Allometric, 
phylogenetic, and adaptive components of 
climbing performance in seven species of 
didelphid marsupials. Journal of Mammalogy 
90(1), 104–113. DOI: 10.1644/07-MAMM-A-
115.1 
Delciellos, A. C. & Vieira, M. V. 2009b. Jumping 
ability in the arboreal locomotion of didelphid 
marsupials. Mastozoologia Neotropical, 16, 299-
307. 
Dickman, C. R. 1989. Patterns in the structure and 
diversity of marsupial carnivore communities. 
In: D.W. Morris, Z. Abramsky B. J. Fox & M. R. 
Willig (Eds.), Patterns in the structure of 
mammalian communities. pp. 241–251. 
Lubbock: TexasTech University Press. 
Emmons, L. H., 1980. Ecology and resource 
partitioning among nine species of African 
forests squirrels. Ecological Monographs, 50, 
91-54. DOI: 10.2307/2937245 
Felsenstein, J. 1985. Phylogenies and the 
comparative method. America Naturalist, 25(1), 
1-15. DOI: jstor.org/stable/2461605 
Fernandez, F. A. S., Freitas, S. R. & Cerqueira, R. 
1997. Density dependence in within-habitat 
spatial distribution: contrasting patterns for a 
rodent and a marsupial in southeastern Brazil. 
Ciência e Cultura, 49(1/2), 127-129. 
Finotti, R., D’Andrea, P. S., Santos, M. M., 
Carvalhães, J. G., Novaes, R. L. M., Souza, D. D. 
N. & Cerqueira, R. 2015. Diferenciação dos 
hábitos alimentares de três espécies do gênero 
Thrichomys (Rodentia, Echimyidae) através de 
experimento de preferência alimentar em 
laboratório. Boletim Sociedade Brasileira de 
Mastozoologia, 74, 95-102. 
Fonseca, C. R. S. D. & Cerqueira, R. 1991. Water 
and salt balance in a South American marsupial, 
the four-eyed opossum, Philander opossum. 
Mammalia 55, 421-432. DOI: 10.1515/mamm. 
1991.55.3.421 
Fonseca, G. A. B. & Kierluff, M. C. M. 1989. Biology 
and natural history of Brazilian Atlantic forest 
small mammals. Bulletin of the Florida State 
Museum, Biological Sciences, 34, 99-152. 
Fonseca, G. A. B., Hermann, G., Leite, Y. L. R., 
Mittermeyer, R. A., Rylands, A. B. & Patton, J. L. 
1996. Lista anotada dos mamíferos do Brasil. 
Occasional papers in Conservation Biology, 4, 1-
38. 
Franco, G., 1987. Tabela de composição química 
dos alimentos. 8th ed. Rio de Janeiro, Atheneu. 
p. 307. 
Freitas, S. R., Astúa de Moraes, D., Santori, R. T., 
Cerqueira, R. 1997. Habitat preference and food 
use by Metachirus nudicaudatus and Didelphis 
aurita (Didelmorphia, Didelphidae) in a 
restinga forest at Rio de Janeiro. Revista 
Brasileira de Biologia, 57(1), 93-98. 
Grelle, C. E. V. 2003. Forest structure and vertical 
stratification of small mammals in a secondary 
Atlantic forest, southeastern Brazil. Studies on 
Neotropical Fauna and Environment, 38(2), 81-
85. 
Harney, B. A. & Dueser, R. D. 1987. Vertical 
stratification of activity of two Peromyscus 
species: an experimental analysis. Ecology, 68, 
1084–1091. DOI: 10.2307/1938380 
Harvey, P. H. & Pagel, M. D. 1991. The comparative 
method in evolutionary biology. Oxford: Oxford 
University Press.p. 239. 
Jansa, S. A., Barker, F. K. & Voss, R. S. 2013. The 
early diversification history of didelphid marsu-
pials: a window into South America’s “splendid 
isolation”. Evolution 68(3), 684–695 DOI: 10.11 
11/evo.12290 
Julien Laferriere, D. & Atramentowicz, M. 1990. 
Feeding and reproduction of three didelphid 
marsupials in two neotropical forests (French 
Guiana). Biotropica, 22(4), 404-415. 
Layne, J. M. 1970. Climbing behavior of 
Peromyscus floridanus and Peromyscus gos-
 
 
199 | Finotti et al. 
Oecol. Aust. 22(2): 191–200, 2018 
sypinus. Journal of Mammalogy, 51, 580–591. 
DOI: 10.2307/1378397 
Leite, Y. L. R., Stalling, J. R. & Costa, L. P. 1994. 
Partição de recursos entre espécies simpátricas 
de marsupiais na Reserva Biológica de Poço das 
Antas. Revista Brasileira Biologia, 54(3), 525-536. 
Leite, Y. L. R., Costa, L. P. & Stalling, J. R. 1996. Diet 
and vertical space use of three sympatric 
opossums in a Brazilian Atlantic forest reserve. 
Journal of Tropical. Ecology, 12, 435-440. DOI: 
10.1017/S0266467400009640.  
Lessa, L. G. & da Costa, F. N. 2010. Diet and seed 
dispersal by five marsupials (Didelphimorphia: 
Didelphidae) in a Brazilian cerrado reserve. 
Mammalian Biology, 75(1), 10-16. DOI: 10.1016/ 
j.mambio.2008.11.002. 
Levin, M. R. 1972. A trophic comparison of 
avifaunas. Systematic Zoology, 21, 135-150. 
Manly, B. F. 2004. Multivariate statistical methods: 
a primer, Chapman & Hall. London, UK. p. 252. 
Malcolm, J. R. 1991. Comparative abundances of 
neotropical small mammals by trap height. 
Journal of Mammalogy, 72, 188-192. 
Malcolm, J. R., 1995. Forest structure and the 
abundance and diversity of Neotropical Small 
mammals, In: M. D Lowan., N. M. Nadkarni 
(Eds). Forest Canopies. pp. 179-197. London 
Academy Press. 
Martins, E. P. & Hansen, T. F. 1996. The statistical 
analysis of interspecific data: a review and 
evaluation of Phylogenetic comparative 
methods. In: Martins E.P. (ed.). Phylogenies and 
the comparative method in animal behaviour. 
(ed.) Oxford University Press. p. 416. 
Marroig, G. & Cheverud, J. M. 2001. A comparison 
of phenotypic variation and covariation 
patterns and the role of phylogeny, ecology, and 
ontogeny during cranial evolution of new world 
monkeys. Evolution, 55, 12, 2576-600. DOI: 
10.1554/0014-3820 
Martins, R. L. & Gribel, R. 2007. Polinização de 
Caryocar villosum (Aubl.) Pers (Caryocaceae) 
uma árvore emergente da Amazônia Central. 
Revista Brasileira de Botânica, 30, 37-45. 
Mendez, M. H. M., Derivi, S. C. N., Rodrigues M. C. 
R. & Fernandes, M. L. 1995. Tabela de 
Composição química dos alimentos: amiláceos, 
cereais e derivados, frutas, hortaliças, Legu-
minosas, Nozes e Oleaginosas, 2nd ed. Rio de 
Janeiro: EDUFF. p. 41 
Meredith, R. W., Janecka, J. E., Gatesy, J., Ryder, O. 
A., Fisher, C. A., Teeling, E. C., Goodbla, A., 
Eizirik, E., Simao, T. L. L. & Stadler, T. 2011. 
Impacts of the Cretaceous terrestrial revolution 
and KPg extinction on mammal diversification. 
Science, 334, 521–524. DOI: 10.1126/science.12 
11028 
Passamani, M. 1995. Vertical stratification of small 
mammals in Atlantic Hill forest. Mammalia, 
59(2), 276-279. 
Pearson, D. L. 1971. Vertical stratification of birds 
in a tropical dry forest. The Condor, 73(1), 46-55.  
Perissé, M., Cerqueira, C. & Sorensen, C. R., 1988. 
A alimentação na separação de nicho entre 
Philander opossum e Didelphis aurita (Polypro-
todontia, Didelphidae). Anais Seminários 
Regionais de Ecologia, São Carlos, SP, VI, 283-
294. 
Perissé, M., Fonseca, C. R. S. D. & Cerqueira, R. 
1989. Diet determination for small laboratory-
housed wild mammals. Canadian Journal of 
Zoology, 67, 765-778. DOI: 10.1139/z89-112. 
Prevedello, J. A., Ferreira, P., Papi, B., Loretto, D. & 
Vieira, M. V. 2008. Uso do espaço vertical por 
pequenos mamíferos por pequenos mamíferos 
do Parque Nacional da Serra dos Órgãos, RJ: um 
estudo de 10 anos utilizando 3 métodos de 
amostragem. Espaço e Geografia, 11, 35-58. 
Rader, R. & Krockenberger A. 2006. Does resource 
availability govern vertical stratification of small 
mammals in an Australian lowland tropical 
rainforest? Wildlife Research, 33, 571-576. DOI: 
10.1071/WR04108 
Saetnan, E. R., Gjershaug, J. O. & Batzli, G.O. 2009. 
Habitat Use and Diet Composition of 
Norwegian Lemmings and Field Voles in 
Central Norway. Journal of Mammalogy, 90(1), 
183-188. DOI: 10.1644/07-MAMM-A-259.1 
Santori, R. T.; Astúa de Morais, D., & Cerqueira, R. 
1995. Diet composition of Metachirus 
nudicaudatus and Didelphis aurita (Marsupialia, 
Didelphoidea) in Southeasten Brazil. Mammalia, 
59(4), 511-516. DOI: 10.1515/mamm.1995.59.4. 
511  
Santori, R. T., Astúa de Morais, D., Grelle, C. E. V. & 
Cerqueira, R. 1997. Natural diet at a restinga 
forest and laboratory food preferences of the 
opossum Philander frenata in Brazil. Studies on 





200 | Marsupials diet trade-offs in the use of vertical strata 
 
Oecol. Aust. 22(2): 191–200, 2018 
Santori R. T., Astúa, D. & Cerqueira R. 2004. 
Comparative gross morphology of the digestive 
tract in ten Didelphidae marsupial species. 
Mammalia, 68(1), 27-36. DOI: 10.1515/mamm. 
2004.004 
Santori, R. T., Astúa, D., Finotti, R., Lessa, L. G. & 
Cerqueira, R. 2015. Inter and Intraspecific 
differences in food resources selection and use 
in captive Philander frenatus and Didelphis 
aurita (Didelphimorphia; Didelphidae). 
Oecologia Australis, 19(1), 102-116. DOI: 10.42 
57/oeco.2015.1901.07 
Schleuning, M., Blüthgen, N., Flörchinger, M., 
Braun, J., Schaefer, H. M. & Böhning-Gaese, K. 
2011. Specialization and interaction strength in 
a tropical plant–frugivore network differ among 
forest strata. Ecology, 92(1), 26–36. DOI: 10.18 
90/09-1842.1 
Schoener, T. W. 1974. Resource partitioning in 
ecological communities. Science, 185, 27-39. 
DOI: 10.1126/science.185.4145.27 
Schulze, C. H., Linsenmair, K. E. & Fiedler, K. 2001. 
Understorey versus canopy: patterns of vertical 
stratification and diversity among Lepidoptera 
in a Bornean rain forest. In: K. E. Linsenmair, A. 
J. Davies, B. Fiala & M. R. Speight (Eds.). 
Tropical Forest Canopies: Ecology and Mana-
gement. pp. 133-152. Dordrecht: Kluwer 
Academic Publishers. 
Stallings, J. R 1989. Small mammal inventories in 
an eastern Brazilian park. Bulletin Florida State 
Museum, Biological Sciences, 34, 153–200 
Stevenson, P. R., Link, A., González-Caro, S. & 
Torres-Jiménez, M. F. 2015. Frugivory in canopy 
plants in a western amazonian forest: dispersal 
systems, phylogenetic ensembles and keystone 














Tobin, J. E. 1995. Ecology and diversity of tropical 
forest canopy ants. In: M. D. Lowman & N. M. 
Nadkarni (Eds.), Forest canopies. pp. 129-147. 
London: Academic Press. 
Vieira, M. V. 1997. Dynamics of a rodent 
assemblage in a Cerrado southeastern Brazil. 
Revista Brasileira de Biologia, 57(1), 99-107. 
Vieira, E. M. & Astúa, D. 2003. Carnivory and 
insectivory in Neotropical marsupials. In: M. 
Jones, C. Dickman & M. Archer (Eds.), Predators 
with pouches: the biology of carnivorous 
marsupials. pp. 267-280. Collingwood: CSIRO 
Publishing. 
Vieira, E. M. & Camargo, N. F. 2012. Uso do espaço 
vertical por marsupiais brasileiros. In: N.D. 
Cáceres (Ed). Os marsupiais do Brasil: biologia, 
ecologia e conservação. pp. 320. Campo Grande: 
Ed. UFMS. 
Voltolini, J. C. 1997. Estratificação vertical de 
marsupiais e roedores na Floresta Atlântica do 
Sul do Brasil. Master Thesis, Universidade de 
São Paulo, São Paulo, Brasil. 
Youlatos, D. 2008. Hallucal grasping behavior in 
Caluromys (Didelphimorphia: Didelphidae): 
implications for primate pedal grasping. Journal 




Supplementary Material 1. Localities where ani-





Submitted: 16 July 2017 
Accepted: 04 January 2018 
Associate Editor: Marcos S. L. Figueiredo 
 
